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ABSmiCT 


In this work, low pressure methods of preparing 
relatively pure C!r 02 of the right particle - size and 
shape to meet the cilteria of high-fidelity magnetic 
recording have heen explored. In particular, CrO^ and 
KhO^ v/ere heated together in a specially fabricated mild 
steel tube, first in Ihe absence of and subsequently in 
the presence of additives Sb20^ (1^ by wt ), fe, Co, Ki 
(5^ by wt each). The structure and morphology of ihe 
products were characterized by X-ray diffraction and 
electron microscopy, respectively. Estimates of the 
yield of Cr 02 in each of these preparations were made by 
DIA, TG and DIG analysis. Ohe magnetic properties, 
namely, coercivity (H^)» saturation magnetization ( ) 

remanence magnetization ( ) and Curie temperature (1^) 

were measured for all the prepared samples by using a 
vibration sample magnetometer. 

From the results, it was concluded that acicular 
shaped ^^^2 found in all the methods used, alongwith 
formation of Cr20^ phase. 'Ehe maximum yield of Cr02 was 
found for the case of 5^ Cobalt additive, xhe presence 
of additives generally reduced the particle size of Cr 02 . 
Ihe magnetic measurements revealed that the decreased 
particle size led to enhanced • Curie temperature 



measurements showed that the presence ot 5% increased 
the from 128*^ C to 150° C, and presence of 15^ ShgO^ 
and 5^ Co decreased from 128° C to 125° C snd 123 C, 
respectively. 

fhe use of a stainless steel or a coated mild steel 
container, as well as variation in batch composition and 
temperature are suggested as possible ways of minimizing 
the Cr 20 ^ phase and thereby optimizing the yield of Cr 02 . 
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CHAPTER I 


INTROPUGTIOH 

1,1 PEEYIBW OP THE PROBLEI.I 

The commercial importance of magnetic tapes has 
increased considerably in the last ten years, numerous 
studies have been under taken as much in the area of 
research for new ferri- or ferromagnetic materials as on 

their pieparation, 

Por magnetic recording it is necessary to obtain a 
coercive field greater than 300 Oe and a demagnetizing 
factor - remanant magnetization, CQ - satura- 

tion magnetization) between .3 and ,5 fo3? a random assembly 
of *acicular’ or needle like particles. The most suitable 
materials for this purpose are commonly needle— like 
particles. Three type of materials have been mainly used: 

Ci) metallic particles, (ii) Gaioma Iron Oxide, (iii) 
Chromium dioxide. 

Since finely divided metallic particles are very 
pyrophoric, and Pe 2 0^ particles can not be used for 

high frequency applications, their use is very limited. 

Even thou^ Co-doped Y- POg 0^ can attain coercive fields 
of the order of 600 Oe, the strong thermal dependence of its 
magnetic characteristics has led to the choice of CrOg which 
has excellent magnetic characteristics necessary for magnetic 
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recording. Since all the major processing methods of 
Chromium dioxide involve high cost mainly "because of hi^ 
pressure involvement in the preparation, relatively low cost 
methods for the preparation of Cr 02 would he necessary to 
ease the commercialization of the product. Such methods 
have been explored in the present study, and the product 
has been characterized by a variety of measurements with a 
view to its use in Hi-fi magnetic recording. 

1.2 PRBTCIPLHS OP IvIAGKETIC EEC0RDIH& 

Magnetic materials have attained a prominent position 
in the fields of audio, video, and digital recording by 
virtue of their reliability, economy and ease of usage. 
Information is stored as a passive condition of the medium 
and once stored, is usually unaffected by the environment. 

Yet the information can be erased v;hen roq.uired, and the 
same surface used -jo make another recording; the process 
is apparently infinitely reversible. 

In the mc'ignetic recording technique, a high permea- 
bility magnetic core made of Mumetal lamixoations or ferrite 
blocks and having a narrow air gap ( 25 pm ) is magnetized 

by passing 1die input signal current through a coil of wire 
wrapped around the core. The magnetic field in crossing 
the air gap extends beyond the hore and penetrates the 
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recording surface. As the surface moves away from the 
writing gap, some demagnetization occurs, and the coercivity, 
H , of the magnetic recording material must be high enou^ 
to ensure that sufficient flux remains around each magnetized 
region fco affect the reading head# fhe reading hBod is 
similar in structure to the recording head, and its function 
is based on the fact. that, for some flux lines, the path 
throu^ the core has a lov/er reluctance than the path 
across the air gap. Ihus, as a changing magnetic pattern 
moves past the gap, changing flux exists in the core and a 
signal is observed in the pickup coil. Is the wavelength 
of the recorded pattern decreases, or as the separation 
between the tape, say, and the head increases, the ine equality 
between the two reluctances (core path Ys air-gap path) is 
less likely be true# less flux follows the core path, and 
the output signal decreases. Usually, for reasons of 
convenience, the relative motion is achievcu. by moving the 
recording medium past a stationary head (or heads). Occasion- 
ally the situation is reversed# For example, as in the case 
of some video recorders, both head and medium are in motion. 
Recording applica,tions fall into two categories, analog and 
digital# 

1,2.1 IMLOG IBCOEDIITG 

'Phia type of recording is found in audio, video, fX 
instrumentation applications. Here, the output signal 
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should con'fcain large signal- "to- noise ratio, and it must 
bo linearly related to the input signal.. The latter implies 
that, despite the obvious non-linearities of the magnetisa- 
tion curves and the spatial distribution ot the writing 
head field, the magnetization intensity (Ig) in the medium 
must be proportional to the applied field, fiic linearity 
is achieved by superimposing on the signal field an ac bias 
field whose frequency is about 5 times that of iiie highest 
signal frequency, fhis results in "anhysterotiC magnoti- 

*1 

zation (for a detailed description of tliis term, see reference). 
This model treats the simultaneous application to the 
recording surface of a constant dc field and an ac field 
whose amplitude is initially large and then reduced to zero. 

The anhysteretic rcmanant intensity is found to be proport- 
ional to the dc field regardless of the previous magnetic 
history of the modimi, provided that the remanent intensity 

T <1-1 the maximum remanent intensity. The real 
rs 

situation is somewhat different, since during the recording 
process, the dc field is neither constant in magritude nor 
in direction. Essentially the bias field alone creates in 
the moving medium a series of partly overlapping cylinders 
of alternately directed magnetization, fhe addition of a 
lower frequency signal field results in asymmetry in the 
in the voltjmes of adjacent cylinders so that different 
regions are magnetized to different depths, depending on 
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the amplitude of the signal field. Distortion of the 
signal results if the amplitude of the bias field is too 
large or too small. IJoise is also of great concern in 
analog recordings and exists as random unrelated impulses 
(backgroiand noise ), unwanted signals ( e.g. , ’print 
throu^* between adjacent layers in a reel of tape), or 
random variations of the desired signal ( dc noise and 
modulation noise). 

1.2.2 DIGITAL EECOEDIIJG 

In this method, which is the one adopted by the 
computer industry, information is first coded into binary 
form. Ihen, as each unit of information is either a binary 
01® or ZERO, only two states of magnetization are needed, 
usually magnetic saturation in two opposite directions. 
Linearity of magnetization with field is quite unimportant 
here, but it is important 1iiat the magnetization should 
change from + to - in a very small distance if good 

pulse resolution at hi^ densities is to be achieved. 011.6 
vridth of the transition region is a function of 1he head 
field gradient ( near H = H^), the shape of the hysteresis 
loop, and the geometry of the magnetized regions. High 
values of OTite current, high values of t higii recording 
densities, and low coeixiivity (H^) tend to produce 
broad transitions which lead to broad and possibly overlapping 
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pulses in the reading head, Hhese can result in a dis- 
placement of "the time position of the pulses and, therefore, 
in errors in the read back data, and mu.st therefore be 
avoided, 

1.5 CHAEACfSRISTICS :aP.>mGKB5IC IfATERIiHiS AS RECORD OTG 

miA 

In considering the .magnetic properties of materials 
for use in recording surfaces, one looks for (1 ) coercivi- 
ties between 250 - 750 Oe; high coercivity generally means 
high output and narrow pulses, but coercivities '^1000 Oe 
are usually beyond the switching capability of today’s 
writing headsj (2) high remanent intensitiess again, to 
provide high outj)ut, althou^ at high densities, the 
demagnetization fields may become \mdesirably hi^l and 
(3) particles or crystallites which are small, (essentially 
these featizres help in reducing 'noise’ while recording ) 
single domains of very unifoim sliape and size, 

For all tape recording materials, the recording 
pcrfoimance is controlled by the follov/ing magnetic and 
structural characteristics, 

1.3.1 COERCr/IIY 

Since coercivity, H^,is the magnetic force retained 
by “fcho maliBrial in 'the abssnce of on a^ppliod fioldy if is 
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a measure of magnetisation field necessary to record or 

erase the signals stored on a magnetic tape, Ihe typical 

values of ’H ’ are in the range of 250-300 Oe for knov/n 
o 

recording materials. High coercivity gives rise to high 
output signals and a na.rrox'/ pulse. Hie coercivity values 
greater than 1000 Oe are usually beyond the practical use 
since it is necessary to have high field strength to erase 
the signals and also high bias current v/hich can not be 
provided by the recording heads. Low coercivity is 
characterized by poor frequency response. 

Coercivity is a linear addition of two terms (i) 
local effects due to magneto-crystalline anisotropy which 
is because of the existence of preferred stable magnetiza- 
tion with respect to crystal axes, (ii) The effect of 
magnetostatic fields, arising from growth morphology and 
particle interaction known as shape anisotropy. The hi^ 
crystalline anisotropy renders the magnetization harder— to- 
rotate away from the preferred magnetization direction, 
and hence to higher coercivity. Hence coercivity depends 
upon the nature of particle size and shape, 

1.3.2 EMAHEHCE 

High remanent magnetization gives rise to high output 
and it is normally between 1500—2000 Gauss, Hie retentivity 
of the medium is a measure of magneto— motive force available 
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in a certain material to produce signal output. Hence it 
is desirable to use as recording iriediuia»a material having 
high remanance magnetization. Ihe shape of demagnetization 
may be more important than retentivity values especially 
whore short wavelengths are to be recorded. The remanence 
intensity of fine particles largely depends on the number 
of preferred axes of magnetization and the saturation flux 
density (B^) of the material. If there is only one 
preferred axis, as in the case of acicular particles v;here 
shape anisotropy domir^ates, the chances are less in randomly 
oriented samples of coincidence between the direction of 
applied field and preferred direction and hence the reten- 
tivity is less. But it can be made higher by orienting the 
particles in the direction of the applied field. Theoreti- 
cally, remanence field (B„) v/ould be equal to for 
perfectly oriented particles measured in applied field 
direction and B^ = 0 measured in a direction perpendicular 
to that of 1he applied field. 

1.3.5 PARTICLE SIZE 

The coercivity and remanence magnetiza,tion both 
strongly depend upon pctrticle size. As particle diameter 
of ihe magnetic material decreases, the intrinsic coercive 
force and remanence ratio CBp/Bj|^g ) increases 

rapidly as single domain size is approached. The increase 
in coercivity is associated with the progressive removal 
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of domain boundaries and domain reversal nuclei! , VJhen 
particle size is reduced to single domain size, •their 
coercive force can be understood in terms of resistance 
to domain rotation imposed by anisotropy. If the particle 
size is further reduced to a critical size below which 
thermally activated magnetization reversal occurs v/hich 
causes and to decrease to zero, the behaviour 

is called superparamagnetism. 

In multi domain particles, the domains are separated 
by microscopic regions, known as domain walls. In ferro- 
magnetic materials, the magnetization of single domain is 
not zero. But the net magnetization is zero since domains 
ai'C oriented randomly, 

3 

Ihe domain wall energy is made up of two types of 
energies such that exchange and anisotropy energy. 


^exchange energy ^anisotropy energy 


TT^ J 

Zt 


+ Kt 


V/here CT^ = Total domain wall energy in ergs/cm'^. 


J = Exchange integral 
S = Atomic spin 

K = Crystalline anisotropy constant 
= Domain wall thickness 


and t 
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VJhon t beconcs very small, of fie order of 
<^exohaiige aM 

°"amsotoopy 


10 "'’’ - 10 '^ 


HIjs^ 


cr 


V/ 


Kt 


which makes parficles unstable. 


In single domain particles, the coercivity is 
determined by the crystal anisotropy. The energy of 
material will be comparatively low i^hich leads to minimum 
energy state. Hence, it is concluded that the single 
domain particles have the lowest energy state and so have 
the larger value of coercivity and remanence. Tor random 
orientation of particles containing cubic anisotropy, the 
coercive force is given bys 


= 0.64 


\^lhere = lAnisotropy constant 

I = Intensity of saturation magnetization 
3 

Darnell^ calculated the critical upper size for 
single— domain behaviour of Cr 02 by tne method used for 

¥e 2 0^ particles. He found from his magnetic measure- 
ments that GrOg particles having diameter loss than 0,2 jjm 
axial ratios of 5s 1 show single domain behaviour. 
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1.3.4 P-lRTICIiE SHAPE^ 

The particles must be small single domain of ■very 
uniform shape and size to reduce the noise. The coercive 
force of a single domain particle has s. high value since 
the magnetization changes occur through the usual high 
field process of rotation of the total ma,gnetic moment of 
particle. The rotation process is controlled by the 
effective anisotropy of particle like magnetocrystalline 
anisotropy, strain anisotropy and shape anisotropy. If 
an elongated particle is idealized in the shape of a prolate 
ellipsoid v/hose major axis coincides v/itli the applied field 
direction, the coercive force may be written as, 

VJhere = Intensity of saturation magnetization 

= The demagnetizing factors of ellipsoid along 
the major and minor axes, respectively. 

In -the case of elongated particles ( ) = 2Tf 

30 H^ = 2Tri3. 

In the case of spherical particles 
Ho = 0.48 I 3 

Hie coerolvi-ty for a random assembly is given by 

g 

Stoner et al 

= 0.479 (Kb - I 3 
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And, remanent intensity of magnetization 

T — — T 

“r “ 2 Ig . 

iOius the coercivity depends upon particle size as 
well as its shape. 

Ihe critical fiells are due to a linea-r addition of 
(1 ) the local effect of crystalline anisotropy ’K* and 
(2) the effect of shape anisotropy . 

7 

Thus the coerciTity is given hy Eagle et al 
H = CX M + B CK/n) 

Where o( = the shape factor, B = constant. 

Non uniform reversal models suggest thatoCis dependent 
on shape as well as on size which is given hy 

CK = KRq - N^^ 

Vftiere N^^ is the major axis demagnetizing factor and 
K is a dimensionless factor of order unity. 


1.4 A COL]PAE.lTr/E RS7IE14 OP EiE MORE B-IPCRTANT- BAPE-EEC OEDING 
ilATlKElLS 

A number of magnetic materials vdiich have the above- 
mentioned properties have been tried as potential media 
for tape recording. Out of these, a few are compared and 
catalogued below. 
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1.4.1 IIETALLIG P.JITIGLSS® 

Metallic particles can be used advantageously in 
recording surfaces since their hi^er satiiration magneti- 
zation leads to higher output signals at low recording 
densities when compared with oxide particles having the 
same volume packing fraction. Finely divided particles of 
iron, cobalt and nickel and their alloys are used for 
magnetic recording. However, there is a considerable 
danger in using these metallic particles as recording 
media since these finely divided metallic particles are 
liable to bum spontaneously on exposure to the atmosphere. 

So a protective coating must be given to prevent this 
oxidation. But this protective coating will affect the 
recording performance of the metallic particles considerably. 

1.4.2 M4GMB1ITE ( Fe^O^)® 

Single domain particles of magnetite may be prepared 
by the process developed for if - Fe20^ . Magnetite has the 
typical inverse spinel structure and its magnetic moment 
is 4 Bohr magnetons. Even thou^ it has magnetic 
properties some what superior to V" - Fe 20 ^ * it was 
neglected because of the following reasons; 

(i) Ihe magnetocrystalline anisotropy constant of 

Fe^O^ is hi^er, and consequently, the coercivity 
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decreases more rapidly uith increasing temperature 
than in ihe case of K - Pe^O^ , 

(ii) Easy oxidation of Ee^O^ to ^ 62 ^^ leads to poor 
tape stability. 

(iii) Because of higher value of coercivity, it needs 
higher bias current to v/rite or erase. 

(iv) ’Print- through* effect is more predominant in 

Ee^O^ than Y- Ee20^ • 

1.4.3 GiiMMA mON OXIDE ( Y-Ee20^)'’ 

In the early days spherical particles of Y" ^®2^3 
were used for recording purposes. Since it has low 
coercivity (80-120 Oe ) , low remanence (3^ <^400 Gauss) 
aufS very low crystal anisotropy, they are of little use 
in the tape industry. Here particle size depends on the 
conditions of preparation. 

In later years, these were replaced by acicular 

type of Y- Ee 20 ^ which have the coercive. ty value of 

200- 400 Oe with remanence field around 500- 900 Qauss, 

These particles are prepared under a controlled oxidation 

of acicular Ee,0. in the presence of moisture at 220- 
y 4 

250° 0.^ 

The persistent and widespread use of this material 

availability of alternative materials 


was only due to the non- 
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which could serve the same needs hotter. It has a pronou- 
nced tendency to agglomerate and form lumps in any disper- 

9 

Sion media and this non- uniform distribution of material 
leads to improper alignment of particles on tapes, leading 
to fairly hi^ noise levels. ‘Print- through' effect is also 
severe in these tapes. Another serious drawba,ck is its 
limitation to use at lov/ frequencies only. 

1.4.4 COK'd,! SDBSIITCJIED IRON OXIDES ( ° 

Haa problems associated with Ee^O^ and y’-Pe 20 ^ 
led to the development of Co- substituted iron oxides. 
These materials have the coercivity in the range of 400- 
1000 Oe which depends upon the Go - content. These oxide 
have very high magnetocrystalline anisotropy. They con 
be used at higher frequencies and have hi^er output and 
low peak shift. typical Cobalt substituted iron oxides 
may be prepared by coprecipitating Co and Pe hydroxides 
from an alkaline solution of Ferric chloride and Cobaltous 
nitrate and heating the mixture to 130-170*^ C, 

However, as these materials have high magneto- 
crystalline anistropy values, their coercivities are 
markedly sensitive to variation of temperature. ,il.so, 
variations in the storage and operating temperatures may 
lead to some signal loss. 
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1.4.5 

’4.YILYN* particle is an acicular magnetic iron 
oxide on whose snrface certain Cobalt compounds have been 
adsorbed, ffiie coercive force of ihe particles is deter- 
mined by the amount of Cobalt and other preparational 
conditions and is controllable bot^i^een 450- 800 Oe, 
Previously knov/n Cobalt substituted iron oxide particles 
exihibited an undesirable degree of temperature sensiti- 
vity with respect to remanence and coercive field, while 
these '17ILYI'I' particles display much improved thermal 
stability, 

1.4.6 CHROMrUli DIOXIDE (CrOg)”^^ 

The replacement of iiie abovementioned media such 
as ■ Y- Ee 20 ^ , metallic materials etc. is taking place 
rapidly by acicular particles of Cr 02 since it has hi^ier 
coercivity and retentivity as compared irith others and 
have become very popular in the last few years with all the 
leading tape manufacturers. The magnetic properties of the 
recording materials are sho’.jn in Table 1,1, 

The pronounced acicularity, high coercivity and 
smoothness of surface displayed by Cr 02 particles lead to 
the ease of dispersion and high orientation ratios. The 
principal advantages of chromium dioxide particles are that 
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they can he made of uniform size and are free of dendrites. 

They are readily oriented and give excellent hi^ density 
(short wavelength ) recording performances. 

The Curie temperature, T^ , of Cr02 is much lov;er 
than that, for example, of Y- (113.5° C of Cr 02 

Versus 590° C of Y- ^©2^ fact, the temperature 

is so low as to cause concern that accidental erasure might 
result from a relatively modest increase in the ambient 
temperature during use, transportation, or storage. However, 
the dominant anisotropy appears to be that of shape, and 
thus the coercivity of the particles should be proportional 
to the intensity of magnetization. Consequently, an increase 
in temperature towards the Curie point will produce an 
equivalent decrease in magnetization and coercivity. That 
is, the balance between demagnetization field (o(M ) and 
the ability to resist demagnetization (H^) \mll remain 
substantially unchanged, and no erasure will result (unless, 
of course, the temperature reaches the Curie point). The 
low Curie temperature property of Cr02 is also utilized for 
thermomagnetic recording. 

Cr02 responds to much higher frequencies (upto 7 MHz) 
v/ith a good signal output and a good resolution. T^ble 1.1 
summarises the known magnetic properties of Cr 02 and Y-Fe 20 -^. 
From this !fe.ble vre see that one should expect that a better 
recording surface could be made from Cr 02 particles than 
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"V” particles, tlie higher xao:aent density and 

orientation and greater coercivity iiaply la.rger output 
signals at loxr densities, and that the coercivity should 
also improve high densit;/ performance. Recording measure- 
ments in Support of these experiments vrere reported by 
Speliotis who compared the performance of Re20^ and 

CrOg tapes, (Hie density response curves for the two tapes 
are shown in Rig. 1 . 1 . In one case, the head used had a 
writing gap of 500 |Uin and a reading gap of 250 jitn, and 
in the other the gaps were both 90 jLlin, We notice that, 
even though the Cr02 tape in thinner, its output at low 
densities is appreciably higher than that of the iron oxide 
tape with either head. At the hi^er densities, of course, 
the thinness of the Cr02 tape helps the resolution, and 
thus the output. Hence, Cr 02 is the first choice as a 
video tape material. It has law noise, low * Print-through ' , 
greater signal to noise (S/II) ratio than y- Ferric Oxide 
and makes an ideal material for recording instruments. In 
computer tape-storage and tape recording, the superior 
properties of Cr02 allow the same level of peak-to-peak 
amplitude of recording as Pe20^ at half the tape 

coating thickness. It also therefore means that larger 
number of bits of information can be stored on Cr02 and 
with better resolution than hitherto possible with y-Pe20^ 
tapes. It is due to these merits that most of the manufact- 
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urers have increasingly favoured CrOg tapes, 

Uoreover, the most desired characteristics of a 
recording material are that (i) the assembly ox magnetic 
particles has single domain regions whose direction of 
easy magnetization coincides with that oi the applied 
field and (ii) that each of the regions have the same field 
requirement for an irreversible change in magnetization. 

Despite the slight uncertainty^^*^^***^*^"^ about the 
direction of magnetocrystalline easy axxs v/itn respect to 
the long axis of the particles, there is no doubt about 
the uniaxial nature of Ihe resultant anisotropy. Consequently 
we expect for a random assembly of particles, a value of 
squareness ( S = ) of .5 • lii addition to being 

highly aclcular particles of chromium dioxide show no 
dendrites in the electron microscope and are relatively 
easy to disperse and to align in a magnetic field, Yaluc 
of S = 0.82 are not un-coiamon. Pig. 1.2^^ which compares 
the hysteresis traces of Cr02 and Y - Pe20^ on tape, 
clearly demonstrates that the second requirement above is 
better achieved for Cr02 than for Y - superior 

squareness of 1he hysteresis trace of Cr02 tape sample 
is attributed to the condition that most of liie single 
domain regions have nearly the same critical field. Ihe 
small range of critical field correlates well with the small 
range in particle size and indicates that -che spread in values 
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Hysteresis trace of Cr02 on tape, 8 = 1000G/cm 
H = 250Oe/cm. 

Hysteresis trace of on tape, B= 1000 S/^m 

H = 250 Oe/cm. 




25 


of particle coarcivity is small. This property of a 
recording medium is desirable because it indicates an 
ability to resist the effects of self magnetization found 
in high bit density recordings. 

The disadvantages of Cr02 particles are that they 
are less stable than Pe 20 ^* , they require surface 

treatment to reduce time dependent changes in their 
magnetic properties, and that they are abrasive to the 
read- -write heads. 'Hie latter property stems from their 
inherently greater hardness and from the v;ay in -.^hich the 
particles fracture. However, use of the proper binder 
material can minimize this defect. Indeed, use of binders 
may even be turned to advantage as a method of preventing 
the accumulation of adhesive debris on the surface of the 
head. 

1.5 EAELIER PEBPIHATIFE HISTORY OP CrO^ 

As for back as 1828, V/ohler"^^ found that thermal 
decomposition of Cr 02 Gl 2 gave oxides of chromium in which 
one of the oxide had ferromagnetic property. Actually Cr02 
forms along with other oxides of chromium like Gr^Og, 

1861, Geuther^^ found that thermal 
decomposition of CrO^ also gave products having ferromagnetic 
property and supposed the material to be GrO^. 2 Cr 20 ^ • 
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21 

Schukoff in 1908 reported that thermal decomposition of 
CrO^ at 500 - 510 *^ G gave a ferromagnetic oxide of chromiiom 
with a chemical formula 2 CrO^ . Cr20^. Honda et al^^ 

studied the thermal decomposition of CrO^ hy thermohalance 
and reported two intermediate products of composition 
CrgO^ and , Michel and Benard^^*^*^ sho^^/ed that the 

decomposition of Cr02Cl2 yielded about 50/5 of CrOg along 
vh.th Cr20^ and that the chromium dioxide was ferromagnetic. 
Subsequent to this work, a number of literature references 
are available for the preparation, physical and chemical 
properties, and applications of Cr02 . 

1.6 PESPAHl'TIOlI OP Cr 02 PAEIICLES 

1 . 6.1 AT AHIOSPHERIC PEESSUEE 

It would clearly be an advantage to have a prepara- 
tion method which could be carried out at atmospheric 
pressure. Such methods have been described by ilichel and 
Benard and Schwartz et al^^ v/ho synthesised Cr02 by dechlo- 
rination of Cr02Cl2 and by deoxygenation of CrO^ respectively. 
The products obtained in these cases were found to be conta- 

pc 

minated with Gr20^ . This was explained by Eoy , Kawai 
and Sawaoka^"^ who proposed that Cr02 is a metastable phase 
at room temperature, and that hi^ pressure is required to 
prepare it in pure form. The phase diagram of chromium- 



oxygen system proposed by the above investigators is shown 

in Fig, 1,3. However, Darnell^® prepared Cr02 particles 

29 

by vapour deposition from, cliroiayl chloride. Also Cox 

used Cr 02 particles as seeds and increased the yield oi 

chromiuDi dioxide in the decomposition of the chromyl 

. - - 30 

chloride to about 905 j. In 1968, Hicks and oacooson 
prepared pure Cr02 oi low coercivity at 250—375 0 at 

pressure no greater than one atmosphere . ihey were 
continuously introducing a mild reducing agent HO 
(nitric oxide) into the reaction chamber containing CrO^ 
and calculated amounts of modifying agent such as . 

Ihe imreacted gases v/ere removed continuously from the 
reaction chamber and then they had recovered the ferro 
magnetic chromium dioxide formed. It v;as found that 
decomposition of GrO^ results in lower oxides of chromium 
below the te crapjsitive valance state and it was difficult 
to control the decomposition to result in exactly tetra- 
positive valance state. However, in the presence of a 
mild reducing agent like NO, this decomposition could te 
controlled such that large quantities of chromium dioxide 

31 

were obtainable at low pressures. Hirota et al and 
Sugimori^^ found that heating of GrO^ in air imth hydrogen 
peroxide results in ferromagnetic Gr 02 . Fukuaa^^ was 
also able to prepare Cr 02 particles at atmospheric pressure 
by dissolving CrO^ and potassium nitrate in water and heating 
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the mixture after drying, at 415° C for 45 minutes. 
Shimotsukasa^^ added to CrO^ solution a concentrated 
solution of nitric acid and oxalic acid in order to 
reduce about two-thirds of the Cr^"^ to Cr'^’*' . Eie solution 
was dried and the residue was heated at 330° C for 4 hours 
under an atmosphere whose oxygen partial pressure v;as 
very carefully controlled, to give Cr 02 . 

1.6.2 AT HIGH PRSSSUHES 

T^^ro methods of preparation of 0 r 02 particles can be 
considered at high pressures such as: (i) Reduction of 
chromium having a degree of oxidation gre-ater than 4+ . 

(ii) Oxidation of chromium 3+ or metallic cliromium. 

Host of the methods have been concerned v;ith the 
reduction of higher oxides of chromium such as CrO^ and 
fev/ of them having used oxidation of loi;er oxides of 
chromium such as Cr20.^ under high pressures. Some of the 
methods are described here, 

Ariya et al^^ prepared pure Cr 02 by heating anhydrous 
CrO-, under an oxygen pressure 300 atmospheres at 420 C to 
450^ C and studied the chemical and crystallographic 
properties of Or Op . Here the oxygen pressure resulted 
from the decomposition of CrO^ . Hiamer et al obtained 
CrOp by the hydrothermal decomposition of GrO^ under water 



28 


q * v 4 ft-m^eratir^s 

vapour pres sure arranging from 300° C to 325° C, 

Stiibaski et prepared Cr02 by the oxidation of 

Cr(OH)^ under high oxygen pressure. Amorphous Or (OH)^ 
was treated in oxygen at high temperature and pressure 
upto 2100 bars. In the temperature range from 180° C to 
350° 0, CrOOH was obtained. At 400° C and 80 bars or at 
800° C and 1500 bars Gr02 crystallized, A more efficient 
method was described by Uchino et al^® and consisted of 
heating Ihe chromyl chloride with CrO^ under oxygen in an 
autoclave at 350°C and a pressure of 80 to 204 Kg/Cm^, 

Very pure single- phase chromium dioxide was obtained 

f2 

by Swoboda et al from the thermal decomposition of CrO^ 
in the presence of water at hi^ pressure. Equimolar 
quantities of CrO^ and i/ater were heated in a thin walled 
platinum container inside a pressure vessel at 400-525°0 
and 500-3000 Kg/Cm for 5-10 minutes. Oxygen produced by 
the reaction CrO^ — > 0 r 02 + v O 2 was used to stabilize 
the Or ©2 . Ihe use of double vessel is common^ the inner 
one is thin and made of platinum or glass which does not 
react with Cr 02 and the outer vessel is of stainless steel 
and thicker to withstand the hi^ pressure, Terada- et al ^ 
recommended the use of v/ater (usually betvreen 10 and 40 ?j 
of the weight of CrO^) to obtain Gr 02 of uniform quality. 
Platinum containers are most commonly used because of their 
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chemical inertness but Kubota et found that platinum 

antimony, and tellurium tend to reduce the grain size of 
Cr02. ilhe thermal decomposition of anhydrous CrO^ was 
also used by Kubota^"* to obtain pure Cr02 . a iiigh 
pressure bomb made of Stainless steel with <x Cu-gaskv-t, 
was used as the container and a high pressure of oxygen 
was obtained by Oxygen liberated from the starting material 
CrO^ during decomposition. Ihe volume of the reaction 
chamber was 36 Cm^ and the pressure was measured by a 
Dourden gauge set in the cap of ihe apparatus. 2ie bomb 
containing the sample v/as heated in an electric furnace and 
the gauge v/as set out side the furnace. Kubota studied 
the electron micrographs of different oxides of chromium 
and showed an abnormal grain growth of Cr02 during the 
decomposition of Cr205 to Cr02 . Bie activation energies 
of the decomposition of Cr205 and Cr02 to Cr203 in air 
are 61.7 and 48.2 E Cal/mole, respectively, from this we 
infer that CrOg is lees stable than CrgO^ . Ihe pressure 
temperature diagram of various chromium oxides has been 
determined when CrO^ undergoes decomposition. Ens is 

shown in Pig. 1 .4. 

In the diagram, two features are noteworthy. One is 
the horizontal ’plateau* regions belonging to the stable 
region of various oxides, fhe second is the vertical 
rising portions, which correspond to release of oxygen due 
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to decoiaposition of oxides. It is also seen that the tran- 
sitions CrO.^ - '^^3% » ^^3% " ^^2% ^^2% “ ^^^2 

depends upon the temperature hut not on the pressure in 
the gauge investigated, Sie transition temperatures are 
220°C, 280° C, and 370° 0 respectively. Ihe transition 
Cr 02 - Cr 20 ^ can expressed hy a curve 'd’ in the diagram 
which depends upon both the pressure and temper a. ture , 

The hydrothermal decomposition of CrO^ is further 
described in a series of patents. The hydrothermal method 
of preparation of Cr 02 » which Cr^Og, Cr 20 ^ or mi^vture 
of CrO^ v/ith Or (OH)^ or Cr20^ are used as the starting 

compounds in the place of CrO^ . are reported by ^thur 

4-3 44 

and Ingraham and Cox , 

In Aug. 1 977 * V/illiston et al^^ developed an effi- 

46 , „ , 44 

cient method to produce Cr02 based on Arthur's and Cox s 
work in which a reaction mixture comprising one or more 
chromium oxides (usually CrO^ + Cr 20 ^ + H 2 O ) v;as used. 

The chromium has an average valance other than + 4 were 
heated in the presence of water to a temperature greater 
than 250 ° C (at 350° C) and a pressure of atleast 200 
atmosphere (at 500 atmospheres). The resulting ferromag- 
netic Cr 02 particles x^ero collected after cooling and 

drying. 
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Claude et liaatcd GrO^ v/ith 7 aole ?: CaCl2 » 

2 H2O in a thick glass tube to 360° C for 24 hours, the 
pressure reacliing a maximum of 110 atmospheres. The 
sealed tube v;as then cooled in liquid nitrogen and cauti- 
ously opened to release the free chlorine. Then the 
product was washed with HCl and found to consist of 90^ 

Gr02 • The possible reaction was thought to bes 

CrO^ + CI 2 ■ P' Cr02Cl2 + O 2 

and then this Cr02Cl2 decomposes to give Gr02 . But Punke 

and ELe inert found that the interaction with chlorine 

prevented the formation of pure Cr02 and that by heating 

gradually and removing as much of Ihe chlorine as possible 

2 

gave pure Cr02 at pressures above 60 Kg/mm . 

AlsOjBemazeau et al^^ prepared a solid phase 
consistiiig entirely of Cr02 by taking finely divided 
anhydrous or hydrated Or 20^ in a gold tube subjected to 
an external pressure 2 ICb (2000 atmospheres) and a tempera- 
ture of about 400° C for 45 to 120 minutes in the presence 
of the oxidising agent HCIO^ • Several workers combined 
CrO^ with dichromate5®»^'*»^^'^^»^'^ . Other oxides of 
chromium have also been used as startirig materials, imemiya 
et al^^ used a mixture of Cr20^ and 0.1 pm diameter 
particles of Cr02 . Hchino et al^^ also used CrgO^ which 
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2 

was heated in a double vessel at 310 ^ 0 and 124 Eg/cm 
with sodium nitrate and water to form acicular particles 
of Cr 02 . 

Eoger and Weisong^'^ prepared Cr 02 particles by 

thermal decomposition of chromium tartrate, formate, or 

acetate which were heated in moist nitrogen at 25 0-300 C 

2 

and then oxidised at a pressure of more than 90 Kg/cm 
and a temperature above 360*^ C, 

1,6.3 WITH AI)2ITI1/E3 

Chromium dioxide particles for magnetic recording 
invariably have additives, the puip) 0 se of which is(1 ) to 
reduce the high temperatures and pressures involved in the 
decomposition of CrO^ , (2) to encourage favourable growth 
habits in the particles ( i.e, needle shape grov;th, grain 
size reductioxi), and (3) to modify tx^o magnetic or oth^r 
physical properties C i»e. Curie temperature, coercivity , 
abrasiveness). According to section 1.3.3 coercivity --nd 
retentivity depends on particle size. Particle size can be 
controlled by specific amount of modifier materials with 
the starting materials. Several workers modified the 
properties of CrOg by the addition of various metals and 
metallic oxides to get the desired results. laDle 1*2 gives 
the effect of additives on morphology and magnetic properties. 
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On tliG tasis of the effect of different additives 

40 

on coercivity of Cr02 , Kubota found that 

(1) fhose did not reduce the grain sise .■feiA.allr (S^©» Oo, 

Hi and IT ) 

(2) Those that reduce the grain size slightly ( Cd, hg, 
ill, B, Zn, alkaline metals ) 

C3) Those that reduce the grain size considerably and 

the grains become acicular (Pt, Sb, Eu, Te) , 

70 _ 3+ 

But Shannon et al found that addition of Fo ions in 

excess of 0.2 wt^ reduces the particle size and thereby 

increases the coercivity. 

llso Ito 02 and YO^ lorm solid solutions with Cr 02 
and thereby reduce both the specific magnetization and 
the Curie temperature and this was explained by the decrease 
in the exchange force among Cr ions. 

1.7 STRUG TUBE -illD PROPERTIES OP Gr02 PdRTIGLES 
1,7.1 STRUCTURE 

The formula Gr02 was established by Ilichel and 

Benard who also fomid that the compound had the rutile 

75 

structure. It was confirmed by Wilhelmi and Jonsson 

and found the tetragonal structure with = 4.423 a j 

C = 2.917 1 and the density = 4.83 ga/cc. Later on 
o 

many workers confirmed the above result as shown in Taole 1.3* 
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Table 1.3 



I 'c* £ » Referencea 

I ' 

4 . 


4.423 

2.917 

75 

4.421 

2.916 

42 

4.41 + 0.01 

2.91 + 0.01 

12 

4.4218 

2.9182 

14 

4.420 

2.916 

77 

4.421 

2.916 

47 

4.424 

2.918 

78 

4.4289 

2.9175 

70 

4.410 

2.860 

79 

4.4190 

2.9154 

80 
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The space group of Cr02 is - P42 / lam (ASai). fhe 

chromium ions are situated at the comers as shown in 

Pig, 1,5 and the bodi" of the tetragonal unit cell giving 

t’wo chromium ions per unit cell. Eie oxygen ions are 

foimd at ( u, u, 0 ), (u, u, 0), ( u ~ t - u, i), and 

- u, u - T, -F ) where the value of u v/as determined 

by Siratori and lida*^^ for diffraction measurements as 

0.294 and by Cloud et al”*^ as 0.301 + 0.04. Hirota 

et al^"^ found that addition of sulphur up to 0.17 wt $ 

increases*a* and *c* does not change. Chamberland et al^° 

found that addition of fluorine upto 0.3 v;t $ increases 

IS 

the value of *a' and ’c*. Sirotari and lida first observed 

1 5 

and Darnell and Cloud confirmed that the lattice constant 
*c* decreasing with increasing temperature. 

1.7.2 PHYSICAL Aim IHSPilAl PROPSETISS 

Colour - brown black powder 

Solvent - Concentrated HITO^ 

Density - 4.89 gm/cc 

Melting point - At 300° C, it looses oxygen. 

State AG^ S(at 25 °0) C^ 

(KCal/mole) (ECal/mole) (Cal/d0g/mole)CCal/deg/ 

mole) 

Gaseous 18#00 — 20#88 64^32 10»52 




Fig. 1.5. Structure of Cr02 
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1.7.5 lIAGI'iETIC AI:d BjjSCElICil; PZOPSR^IES 


The formula Cr 02 suggests that the chroraium ions 
are in the Cr^"^ states for uhich a magnetic moment per 
ion of 2p is e:cpected. Therefore, since the material 
iS ferromagnetic rather than ferrimagnetic the saturation 
magnetization per unit mass can he calculated from 
CTg = ( . 5587 )/M, where li is the molecular weight, 
84.01 for CrOg. Using V5^ = 2 , (T ^ vjas calculated as 
133 emu/gm. This value v/as indeed obtained by several 
investigators; 


CTgQ emu/gm 

f o'k ) 

cr ( 20^0 n 
emu/gni P 

References 

138.3 

2.07 + .03 

81 

137.3 + .02 

2.01 + .03 

41 

100 j; 1 

100 + 1 

12 


1.96 

47 

— 

2.00 + 0.5 

15 


16 ^ 

Also Parnell and Cloud found that Cr02 is diffic’alt 
to saturate with the difficulty increasing mth decreasing 
particle size. In the fields of 10000 Oe , which are much 
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greater than the anisotropy fields, the magnetization 
reached only 94 to 98^o of saturation. The effect v/as 
attributed to the lower symmetry experienced by surface 
dhromium atoms, resulting in larger and randomly directed 
anisotropies. The conclusion v/as confirmed v/hen measure- 
ments on single crystals in the same field gave results 

1 2 

closer to saturation by Swoboda et al. Demagnetization 
factor (T^/ (JZ, greater than 0.9 can be obtained for 
Cr02 . 

A certain additives like De, S, T also affects the 
intrinsic magnetic properties like specific magnetisation 
and Curie temperature. Additives like SbpO^ , Te, Ir 
reduces the particle size and hence increased the 
coercivity (Refer Table 1.2), 

CrOg shows room temperature resistivity of 2.5 X 10 
^^cm and hence it has metallic conductivity at room 
temperature. Between - 193® C and 302® C it shows positive 
temperature coefficient. 


1.7,4 aim Al'ID STLITEIOIT OP THE PROBLEM 

The aiTTi of liie present work is to prepare CrOg by 
a low cost method and characterize it along the lines 
envisaged in chapter I so that it could be exploited for 
magnetic tape materials. Prom the work referred to in 
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chapter I, it is clear that most of the investigators 
have prepared OrOg imier hi^ pressures. Use of high 
pressures and high temperatures involve high cost. So if 
CrOg could he prepared at atmospheric pressure, it would 
clearly he an advantage and, more over, the cost of 
production can ho reduced sustantially . Such methods have 
been described in literature. Pukuda^^,! or example, 
developed a rather simple method to prepare CrOg for tape 
applications. In this method CrO^ and ZL'IO- were dissolved 
in water. After drying, the residue was heated to 415° C 
for 45 minutes to get CrOg , This method has been chosen 
for the present study with and \m.thout additives like 
ShgO^ , Pe, Co, ili. The effect of additives on the phase 
composition, yield morphology, and magnetic properties of 
Cr02 have been investigated. The phase composition was 
established by X-ray analysis, DTA, TG analysis was used 
to find out the yield of Cr 02 , 

Correlations between particle size and shape and 
magnetic properties have been studied and these have been 
compared with the properties of Cr 02 provided by one of 
my guides. Dr, P. Ha^unathan. 



CHAPTER II 


EXPERniSHTAL PROCEDURES 

2.1 PREPARATION 

We have used a method developed by Pukud^^ which 
seems to be most simple and low cost method of all the 
methods described in chapter I for studying the fundamental 
properties of Cr 02 leading to magnetic tape a,. -plications, 

2.1.1 APPARATUS 

A mild steel rod is machined as shovai in Pig. 2,1 
to serve as a tubular container for the preparation of 
Cr02 . This mild steel container is charged v/ith the 
starting materials and heated in a resistance heated furnace 
v/ith constant temperature profile which could go \i;ell beyond 
the reaction temperature i.e. 415° C, Tne temperature of 
the system is measured with a Chromel- -ILumel thermocouple 
and the temperature of the furnace is controlled by an 
*Aplab* Kodel No, : 9601 temperature controller within + 

1° C, 


2.1.2 STARTING FATERIALS 

Thft starting material is CrO^ containing 0.1 of 
sulphate chloride ions and of absorbed water as maior 
impxirities. Potassium nitrate is added to decompose CrO^ 



H 4.5 

Dimensions are in 


Rg. 2. t 
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at atmospheric pressure to give CrOp . /uitimoriy sequoxide 
(SbpO^), aaihydrous ferric chloride (PeCl^ ), Oohaltous 
chloride ( CoClp .SIIpO ), and Nickel chloride (.T^lCl^.SE^O) 
are added to CrO^ and Ki-IO^ to control the particle size 
and shape and there‘b 3 ' improve the magnetic properties o- 
chromium dioxide. 

2.1.3 PROCEDUKE 

First chromium trioxide (CrO^) and potassium 
nitrate are v;ei^ed and dissolved in distilled v/ater. Sie 
additives like PeCl^ . GoClp .SHpO, and i-iiCl2.6H20 

are weighed separately and dissolved in the solution 
containing CrO^ and KNC^ oeparatelj!" to give different 
hatch composition. .Intimony sequoxide CSb 20 ^) does not 
dissolve in water. Iherefore it is weighed separately and 
added to the hatch before putting the container into the 
furnace. The batch composition for different samples is 

given below; 

FSf^.Tn p1e N0;TR 1 

CrO^ = 18 gms (90^) 

KNO, = 2 gas (10^) 

3 

Sample NO; TR _2__ 

CrO, = 17 gms (85^^) 

= 2.8 gms (145^) 

SbgO^ - 0.2 gms Of) 
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Sample NO; !DR 3 

CrO^ = 17 gns ( 85 ^) 

= 1.8725 gms (9.3625fb) 

SbgO^ = 0.1275 gms (0.6375^0 
PeCl^ = 1 gm (5^) 

Sample NO; IR 4 

CrO^ = 17 gms C 85 ^o) 

KNO^ = 1.8725 gms ( 9 . 3625 fO 
= 0.1275 @as (0.6375^) 

CoClg . 6 H 2 O = 1 gm i3lo) 

Sample NO; ^ 5 

CrO^ =17 gms (85^) 

= 1.8725 gms (9.3625f^) 

SbgO^ = 0.1275 gms (0.6375?^) 

NiCl 2 -. 6 H 20 = 1 gm (3%) 

llbien the solution containing mixture of starting 
materials and additives is heated at a slow rate so that 
the water will evaporate to give a black mass of the batch 
This dried mass is then transferred to the mild steel 
container and Sb 203 is added. The container is closed 
with a mild steel cap and put inside the furnace. 
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Sie furnace is next heated at a slov; rate to 415*^C 
at which temperature it is maintained f 9 r 45 minutes. 

Jlfter cooling the system, the container is opened, and a 
hlack mass containing CXO 2 could be seen inside, This 
material is recovered carefully and ground in a mortar to 
give a fine pov/der, Ihe fine powder is then washed xirith 
acetone and dried. Ifow the product is ready for further 
study. 

The sample (A1 ) provided by Dr. P. Raghunathan 

48 

was prepared by the method developed by Punks et al. The 
reaction is as follows s 

CrOoGlo + On CrO^ (very pure). 

2 2 50 atm.pr. ^ 

2.2 CILIE.ICTERIZ.1.TI0N 
2,2.1 X-E4Y kli^LYSIS 

[Qie Y-ray diffraction pattern of the sample in the 
form of fine powder, is obtained v;ith the help of GE--XEED-6 
Diffractometer. Cu(Eq^ ) radiation of wavelengtn 1 .5405 -*• 
v/ith m filter at 500 cps and at a scanning speed of 2° 
per minute is used for getting Ihe pov/der pattern of Cr 02 . 
The dry fine pov/er of CrOg could stay with difficulty in 
the cavity of the sample holder. Hence 2 to 5 drops of 
acetone is added to the powder to moisture it a bit. 
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2*2.2 ELiXJTROIT LIICEOSCOPIC S^TODI 

Here ’Philips’ Iransnission Electror Licroocope 
iiodel 301 G is used to analyse the samples, lo prepare 
the specimen for electron microscopic study, a pinch of 
Cr 02 is put into some supporting liquid, acetone, in a 
50 ml beaker which is then kept in the ’.^/ater tank of an 
ultrosonic generator, five minutes of operation of the 
ultrasonic shaker dispersed the particles sufficientljr. 
how one drop of this acetone in which CrOg particles have 
already been dispersed is put on a carbon coated grid 
which is kept on a blotting paper. iTow a snail glass 
trough containing distilled water is set ready over \;hich 
a drop of collodion liquid is put. The collodion forms a 
film on the surface of the water. Care is ta^ken to prevent 
any disturbance on the surface of the water because this 
will squccs'j the collodion film formed. Then the carbon 
coated grid containing the specimen is taken with the 
help of a tweezer and put on the collodion film. How 
a clean glass slide is brou^t vertically and pushed dovm 
past the surface. The film folds back against the surface, 
finally, the slide is turned and lifted out of water and 
the excess water is blotted off. How the grid may be 
lifted free of ihe slide after drying, which are now ready 
to yield electron micrographs. 
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2.2.3 DIFi'SMTIAL THSEIilL AI^^YSIS (IiS.1), TF^’ICGEAYI- 
IjIETFY (TG) AI-H) DiSRIYATIVE KiSRI!OGEA?II SEaY (BTG) 

D.T.A. , T.G, and D.Y.G.are important e:cpGrimental 
techniques to obtain information about specific chemical 
and physical transformations that are accompanied by 
evolution or absorption of heat or by change in freight . 

Here MOM (Hungery) Derivatograph is used to find out the 
weight loss and characteristic temperature of the trans- 
formation Cr 02 — the weight loss data, the 
percentage of chromium dioxide present in the sample can 
also be calculated. 

2.2.4 MilGNETIC MlL'iSUREilSI'TTS 

Magnetic measurements are done with Princeton 

Applied Research Vibration Sample Magneto meter (VSH), 

Coercivity (H ) saturation magnetization ( 0"g), Bamanonco 

magnetization and hence a value of squareness ( S = ) 

^ s 

are measured. Curio temperatures is measured at 2000 
oersteds. Samples for "this magnetic measurements are 
prepared in a ^ass ampoule. Glass ampoules o- height 
less than 5 and outerdiameter less than 3 mm with one 
side closed are prepared to suit the sample holder of the 
YSM, 'Th e weight of the empty ampoule is measured va.th a 
high— accuracy one pan balance, !Ih.e sample Or <-'2 is tuen 
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packed well inside the aapoule. Then the total wei^t 
of the material plus ampoule is taken. Prom this, the 
sample weight is calculated, iijfter this, the ampoule 
containing the sample is taken out carefully from the 
balance and the open end is sealed with .Iraldite so that 
no material streams out when the high magnetic field of 
10,000 Oe or so is switched on. Now the sample is ready 
for magnetic measurements. 



CHAPTER III 


RESULT3 AHD DISCUSSION 

3.1 X-RAY ANALYSIS 

To determine tlie irarious phases present in the 
product and the lattice parameters of CrOg (known to have 
a tetragonal structure )» an X-ray analysis was carried 
out. In Table 3,1, observed diffraction data for different 
Cr02 samples with and without additives are given. In the 
table, AqIjq is the interplanar spacing observed and 
is the interplanar spacing calculated using the follovd.ng 
formula for the tetragonal system; 

i = ( h^ + k^)/a^ + 1^/c^ 

d^ 

For obtaining <iQg_2.c * values of ‘a* and *c* 
were calculated from 2 6 for 510 and 002 planes respectively 
and are given in fable 5.1. These are in good agreement 
with the results obtained by other investi^tors, as shorn 
in Table 1.3. The variation in additives such as Sb20^ , 
FeCl^ (anhydrous), C0CI2.6H2O , and NiCl2.6H20 contents 
did not show any shift in the peaks of different 29 values. 
This means that the solubility of the abovementioned addi- 
tives in Cr02 is almost negligible. Moreover, the X-ray 
diffraction patterns for these samples show that there will 


O-Hinnl UQRfm 

A 66979 

ftlSi. Bl». ^.rnmm 
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Table 3.1 


Sample Jfo 

’a» £ 

o 

»c* A 

A1 

4.419 

2.911 

TRI 

4.413 

2.928 

TR2 

4.421 

2.914 

TR3 

4.413 

2.907 

TR4 

4.425 

2.915 

TR5 

■ 4.419 

2.919 
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1)0 a CrgO^ phase other than Cr 02 . But Z-ray intensities 
for C!r 02 and Gr 20 ^ phases reveal that the major phase is 
Cr02. 

As discussed in chapter I, it is nov; well established 
tnat decomposition of GrO^ at atmospheric pressure and at 
high temperature ( 415 '^ G) results in Or ©2 alongwith 

Gr 20 ^ . It is due to the fact that eventhough addition 
of potassium nitrate controls the decomposition of CrO^ 
to result in CrOg * the hi^ temperature and atmospheric 
pressure favour the formation of Cr 20 ^ . 

3.2 YIELD 

Ihe percent yield of Cr 02 is calculated according 
to the equation; 

GrO^ CrC2 + O 2 

( 100 ) ( 84 ) 

According to which if lOO gn of CrO^ is taken and 
84 gms of Gr02 is produced, the yield will be 100^. However, 
when the product is taken out from the container some of 
the Gr 02 will be lost and while gidnding also some of the 
Cr02 will be lost. In addition to this, washing of Cr02 
to remove undesirable compounds nay insult in some loss. 

Ihese are the two inevitable possibilities of losses. Here 
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we are not taking into accoimt these losses. 

According to the last section, because of the 
presence of CrgO^ phase, the yield will be some what lower 
than what we could expect. Here the yield calculation is 
based on Kubota’s work. When pure CVO 2 is heated in 
air, at its characteristic temperature, it v;ill oe trans- 
formed to Cr20^ phase, Ibis is shown in the iollovring 
equationj 

4 CrO^ = 2 CrgO^ + Og 
(336) (304) (32) 

32 o 

f.l.A. and T.G. analysis showed that around 550 C 

Or ©2 was indeed transformed into Gr20^ phase. During this 

transformation, Cr02 showed a wei^t loss, fiiis weight 

loss can be calculated as follows; 

336 gms of Cr02 transformed to 304 gms of Cr20^ 

So the remaining 32 gms of oxygen is accounted for iiie 
weight loss since it is released during the transf omation. 
If a sample consists of Cr02 and CrgO^ phase, Cr205 would 
not show any weight loss since it is a very stable phase 
at high t^peratures. So the weight loss is mainly due 
to the transformation of only, from this we can 

easily calculate the amount of Cr02 present in the total 
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weight of tho sample, lor example, the total v;eight 
(Cr 02 + ^^ 2^3 ^ sample is 100 gms and the weight 

loss is 4 gms , according to the above enuation, 

if 32 gms of oxygen is released, there is 

356 gms of Cr02 present. 

So if, 4 ^8 of oxygen is released, there is 

X 4 gms of Cr02 present, 

= 42 gms of Cr02 

So in the total weight of the sample, the amount 
of Cr02 present is 42 gms only. So the yield is 42‘/l, 
Likewise, the yields for all the samples are calculated. 

3.2.1 EFFECT- OF AI)I)ITI\T3S 

Table 3.2 gives the total weight of the samples 
taken, weight loss accounted, and the percentage of Cr 02 
present in these samples or yield of Cr02. These are 
calc'olated from the D.T.A, , T.G. and 33. T,G, curves which 
are shown in Fig. 3.1 to 3.6. 
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-able 3.2 


Sample No 

Total weight 
of the 

samples 

(mg) 

weight loss 
(mg) 

Ja yield of 
Cr02 

A1 

250 

20 

84 

TR1 

1191 

33 

29.1 

TB2 

900 

40 

46.7 

TR3 

680 

25 

38.6 

TR4 

473 

39 

86.6 

TE5 

900 

38 

44.3 


ght toss in mg Temperature 










Temperature ®C 
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From the Table 3,2 j it is knovm that for pure GrO^ 
(A1 ) the yield is 84/o. Because of the presence of Cr^O^ 
phase, the yield for other samples varyijag substantially. 
Also it is seen that the presence of additives increased 
the yield. Without additive, the sample TH1 showed 29.1 /? 
yield. The addition of Afo Sb20^ (TE2) increased the 
yield to 46.7^, 5^ Fe (TS3) increased the yield to 38.6^ 

and 5% Ni (TR5) increased the yield to 44.3/S. It is 
noteworthy to see that 5/5 Co CTE4) increased the yield 
to 86% • So we conclude that the presence of Cobalt ion 
in CrOg prevents the formation of Cr 20 ^ phase. 

Also it is seen from the B.T.A. curves of Fig, 3.1 
to 3.6, around 440° C, another transformation is taking 
place. From the behaviour of oxides in chromium chemistry, 
the following high- temperature oxidation reactions are 
likely to have occured in our reaction mixture especially 
in the presence of KTIO^. VJhen is heated, which 

decomposes into potassium monoxide and v/hich in turn 
reacts with CrO^ to form potassium chromate. The next 
reaction is that the formation of potassium dichromate 
from potassium chromate ard CrO^, Small amounts of this 
salts present in the samples will be sufficient to explain 
the additional peaks in D.T.A. curves. 
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3,3 HOBPHOLOGY 

Some typical electicnmicrographs are given in 
plates 1 to 8, k general view of these electro micro- 
graphs suggests that a fairly good number of samples has 
needle like shape, \'/hich -ae are interested in, though the 
sise is not uniform. In some samples the particles are 
having mixed shape i.e. rods, acicular, platelets (refer 
to plate 4 ). Ihe cause of this variation may be due 
to the presence of additives such as Sb2G^, Pe, Co, Ni, 
(Ehe electronmicrograph of the sample A1 shows that 
Cr02 particles are present having clean acicular shape 
free of dentrites, Also the micrographs of the samples 
TR1 - TR5 (4 to 8 ) show CrOg particles having acicular 
shape as v/ell as small particles belonging to another 
phase. Our X-ray analysis has showed that Gr02 is 
present hlcr^ wntla Cr20^ . Also Zubota^ round from 
his electronmicrographs that Cr20^ particles are of 
small size and when Cr02 is converted into Cr20^ , the 
straight edges of large grams cxC 0r02 ere broken first 
and split into ^all particles of Cr20^. We therefore, 
conclude that the other phase is Cr20^ and X-ray analysis 
also supports this conclusion. 

Por magnetic tape application, orjs is interested 
in only acicular particles of uniform size so that the 




Plate lio. 2 (A1 ) ( 




Plato ITo.4 (1R1) ( 2_2.00X) 
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SFiPSC!]? 01’ ADDISPvrSS Oil POEPEOLOOY 01 Cr02 
PPSTICLBS 



Plate Ho. 6 (2H3) i7dCX>X) 
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■feae spread in coercivitiy and retentiviMj' may not fee too 

large. Hence this property is Tery important to reckon 
with, 

Hie particle size was determined by taking the 
average of about five particles located at different parts 
of an electrcnmicrograph, The effect of additives such 
as Sb20^ » Fe, Co, Hi on morpholo^ has been investigated, 

3,3.1 EHPSCT OP ADDIir/ES 

Table 3,3 gives the effect of additives on the 
particle size of different samples. 

Table 3.3 


Sample No. { Plate No. I Average Particle Size ? L/W 

« I - - - , - - ^ ^ 

j j Length ( |^ ) I Width ( jp- ) j 

J I I t 


A1 

1,2,3 

0.5 

0.05 

10 

TR1 

4 

2 

0.5 

4 

TR2 

5 

1.7 

0.22 

7.7 

TE3 

6 

1.5 

0.24 

6.3 

TE4 

7 

1.5 

0.2 

7.5 

TE5 

8 

1.1 

0.25 

4.4 
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Prom the abore Table we know that the sample A1 
has particle size smaller liian other samples. Also (c.f. 
plates 1,2,3 ) this shows clear acicularity of OrOg parti- 
cles. Sample TR1 (plate 4) shows that -fiie particle size 
is larger than other samples and contained ^'^2^''’^ pnase. 

But addition of 1^ Sb20^ (TR2) (plate 5) reduces the 
particle size considerably (from dimensions 2 jj x 0.5 fA 
to 1.7^ X 0.22 jU ). But addition of ?e, Co, 171 (TB3, TH4, 
TR5) (plats 6,7,8, respectively) reduce the particle size 
very sli^tly. The reduction of particle size is well 
correlated with the increase of coercivity, and the values 

of H for this samples are reported in the next section, 
c 

If the particle size approaches tlrie single domain size 
n.nd free of any other impurity phase, the coercivity 
increases with respect to decrease in particle size. So, 
for the sample a 1 (pure CrOg) coercivity is hi&a because 
its particle size is smaller than other samples. Also, 
the increase of coercivity can be seen in other samples 
(TE2, TR3, TR4, TR5) haring smaller particle size than 
the sample TRI . However, the coercivities for these 
samples are less than for the sample because they all 
contain the Cr 203 phase which affects magnetic properties. 
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5.4 MGIIETIC PEOPERTIBS 

Table 3.4 shows coercivity (H ), sa-turation 
magnetization ( ^) remanence magnetization ( ) and 

and Pig. 3.7 to 3.10 shows the plot of magnetic 
moments per gram versus temperature at 2000 Oe. 


Table 3.4 


Sample 

Ho. 

Oe 

*^3 

® -1 

emu gQ 

cr 

^ -1 
emu gm** 

dT" /cT' 
r ^ s 

A1 

340 

82.2 

29.1 

0.3546 

TR1 

80 

16.9 

3.3 

0.1956 

TR2 

90 

38.0 

9.0 

0.2368 

TR3 

160 

37.8 

7.8 

0.2059 

TR4 

140 

72.2 

15.3 

0.2115 

TR5 

100 

46.2 

5.8 

0.1250 


3.4.1 EPPECT OP iiDPITirilS 

Prom tills Table, vre know that ihe sample Ho. 4.1 
(pure GrOg ) gives comparatively superior magnetic properties 
than other samples. This is due to the fact Ihat other 
samples contain a fair cuaount of Cr 20 ^ phase, ^iklso, addition 





cr*’ /»01 e.m.u./gm 







(T- /.009 e.m.u. /gm 







• « 
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of Sb20^ ( 1^) (TH2) soEie what increases tlie coercivity 

and saturation magnetization over the values obtained for 

the sample TR1 without the addition of Sh^O^ . jLIso it 

is seen that addition of ofS Pe (2!R3) v/ith tae sample TE2 

composition further increases the coercivity hut reduces 

saturation magnetization. JLgain, 5 $ Oc addition (m) 

increases the saturation magnetization furtliar than for 

sample TjR3. But 5^ Hi (2E5) decreases the coercivity 

to a value lower than the values obtained by Pe and 

70 

5% Go additions. Shannon et al found that addition 

3 + I- - 

of Pe ions decreases O monotonously va.th increasirig 

o 

Pe contents, Ihis is attributed to the fact tiiat increase 
of Pe content increases the 'a* value and thereby chants 
the exchange force between the chromium ions, Uso they 
found that addition of Pe^"^ ions in excess of .2 wt $ 
reduces the particle size and thereby increases the 
coercivity. It is seen that saturation argnetization for 
TE5 is hi^er than for 2R5. Therefore, from the above 
Table the inference may be clearly dra^^m oho-t additions 
of impurities such as SbgO^, Pe, Co and Hi increase 
coercivity and saturation magnetization, Gf all the 
impurities added, 5^ P® gives perhaps t./j oest results, 

is also borne out by our Curie temperature measurement, 
to be reported in the next section. literature values 
also agree with this result. However, saeeples iRI - T^ 
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could not attain tiie values obtained n. t-ne p’ore Cr 02 
(xll ) because of the presence of phase. So Cr 20 ^ 

phase is considered as an impuri-fy phase and it is 
concluded that this phase affects the 3 ii:'.£aietic properties 
of Cr02 very sharply. But if we calculate the saturation 
magnetization and remanonce magnetization only for Sr 02 
phase the same way as OuilMnd at.-al our '.’oh'ue also 
expected to be substantially larger then the one reported 
in Table 3.4. 

Prom the CT" Ys temperature plot, we can lenow the 
onset temperature (Curie temperature, 1^) at vrhich the 
magnetization vanishes. Table 3,5 shows the oureo tempera- 
ture for different samples. 

Table 3.5 


Sample No. Curie tenperat'ore 

(T ) + 2° 0 

c “ 


A1 

128 

TE2 

125 

TE3 

150 

TR4 

123 
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Curie temperature ) of Cr02 is important in 
magnetic tape applications, Lov/ Curie temperature is 
characterized as a poor quality of tape recording materials. 
If the temperature increases so as to reach the Curie 
temperature of a magnetic tape recording material, the 
ferromagnetic state will -vanish at . So if T is 
very low, it will have a serious effect on magnetic tape 
recording properties since a slight increase in temperature 
during transportation or storage v/ill lead to accidental 
erasure of previously recorded information on the tape. 

So, high Cxrrie temperature is desirable for magnetic tape 
applications. Here, the effect of additives on Curie 
temperature is explored. 

Prom the Table 3.5 , we knov; that T for pure 
Cr02 (Al ) is 128° C. .Iddition of 15' SbgC^ ( TR2) 
reduces the Curie temper ,ture from 126° C to 125° C and 
addition of 5 wt jS Go (1-14) still reduces to 123° C, 

It is found that addition of 5% Pe increases the Curie 
temperature ■ from 128° C to 150° C, Eirota ^t al already 
found that upto 3.9 wt the addition of Pe increases 
the Curie temperature from 116° C to 154° C and after that 
it becomes constant for any further addition of Pe corre- 
sponding to *a* axis expansion, Thio .rooult suggests that 
t in't t of Pe^ ions exists in the range between 
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2 wt /c arii 4 ;^t ^so. Shannon et :.l found that 
addition of 2 to 5 node percent Sb.O, and Oo^O, decreases 

^ J J 

the further. Our experinant. results are therefore 
in excellent agreenent vith the literature values. It is 
found that the presence of Gr 20 ^ phase does not affect 
the Curie temperature at all. 
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CONCLUSIOITS SUC-GESTI0IT3 FOlil 
PUSY'^SE WOBZ 

The following: conclusions naj he ira;m from the 

results of the present -.rork. 

(1) Acicular shaped Cr 02 alongv;ith a considerable 
amount of Cr 20 ^ phase ^^/as prepared from a mixture 
of CrO^ and IQIO^ ’,m.th and vathout the SboO^ , Pe, 
Co, Ei as additives. The method used required 
straight forv/ard and in-expensive procedures 
without the use of hi^ pleasure, 

(2) !Eh.e maximum yield of Cr02 has been obtained 
(calculated from weight loss of Cr 02 vdien heated 
in air - PTA, TG analysis) for 5''-' added Co by 
wei^t. Hov/ever, if the presence of 0 x 2 p-^ phase 
is avoided, the yield would have been more than 
the observed value, 

(3) The presence of additives such as Sb20^ , Pe, Co, 
Hi reduced the particle size con aider aol 2 r. 

(4) Magnetic measurements showed that the decrease in 
parti cLe size enhanced the coercivity. 

Curie temperature measurements showed that the 
presence of 5^ Pe increased the from 128° C to 


( 5 ) 
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150° C ax!'! the presence of , 5y^ Co 

decreased fron 128° C to 125° and 123° C, 
respectively. . 

Based on the findings of this v/orh, the follo^djig 
suggestions ma 3 ^ be nade for future studies: 

(1) fo avoid the presence of Cr 20 ^ phase, the batch 
composition and temperature nay be varied a.nd the 
optimum conditions may be thus explored, 

(2) Instead of using a mild steel container, a mild 
steel container coated \,rith nickel or chromium, 
or a stainless steel container na^' so used 
because mild steel container contaminates the 
starting materials in the presence .-f hi^ 
temperature. 
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